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Transthoracic real-time two-dimensional echocardiography, combined with Doppler and col-
or flow mapping, has long been used as a major tool in the diagnosis of congenital heart
diseases. Even surgery can be performed in patients with simple congenital heart diseases
without the need for other imaging modalities. However, cumbersome or invasive modal-
ities, such as cardiac catheterization, computed tomography and magnetic resonance imag-
ing, are sometimes still necessary for complex congenital heart lesions. Factors such as
invasiveness, length of time and radiation exposure limit the latter procedures for routine or
first-line use in pediatric patients. As a beating organ, the structure and motion of the heart
can be best depicted with real-time three-dimensional imaging. Traditional M-mode and real-
time two-dimensional echocardiography can be used for the diagnosis of complex congen-
ital heart defects. However, with these modalities, the type and complexity of the lesion can
only be appreciated indirectly, after the composition of plane sections at different angles are
determined by the pediatric cardiologist. In addition, the relationship between normal and
abnormal structures cannot be assessed with ease. Because of advances in computer speed
and image processing technology, a three-dimensional display of two-dimensional images
is possible in many imaging modalities including echocardiography and is useful in the clinical
evaluation of lesions in many organs. With three-dimensional display, the examiner or car-
diologist can visualize and analyze the intracardiac structures directly. Thus, the type and direc-
tion of the lesion, as well as its three-dimensional relationship with surrounding structures,
can be easily understood. It was not long ago that the clinical application of such imaging
was impossible owing to limitations in computer and ultrasound technology. However, as a
result of the recent echocardiography platform incorporating an ingeniously designed probe
which greatly enhances the resolution, it is possible to scan the heart in true real-time,
three-dimensional mode. In this article, we review the history of three-dimensional echocardi-
ography, the recent progress in areas of research and clinical application, as well as our expe-
rience of this imaging modality in the evaluation of patients with congenital heart disease.
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Introduction
The role of transthoracic echocardiography in pedi-
atric cardiology over the last few decades cannot be
overemphasized. It has long been used in the diag-
nosis of many congenital heart diseases in almost
all pediatric cardiology institutes worldwide [1,2].
Currently, it has also been introduced into areas of
invasive interventional procedures, such as the guid-
ing of pericardiocentesis, device closure in many
congenital cardiac defects and positioning of various
implants [3,4].
Most cardiologists agree that real-time two-
dimensional (2D) echocardiography, combined with
Doppler and color flow mapping, is sufficient for
the accurate diagnosis and comprehensive evalua-
tion of many simple congenital cardiac lesions, such
as ventricular septal defects and atrial septal defects.
In addition, many forms of complex lesions can be
diagnosed quickly by experienced pediatric cardi-
ologists using 2D echocardiography. However, in
these complex cardiac lesions, structures such as
valves, outflow tracts and great arteries usually devi-
ate greatly from normal anatomy. Frequently, other
imaging modalities such as magnetic resonance
imaging, computed tomography and even angiog-
raphy are necessary for definite diagnosis before
surgical planning is performed [5,6]. The main rea-
son for this is that the three-dimensional (3D) rela-
tionship of the cardiac structures in these complex
lesions is usually hard to understand even with serial
conventional 2D plane images. Unlike the simple
lesions, the 3D structures of complex cardiac lesions
are more difficult to construct in the reconstruction
of serial 2D planes by physicians.
3D echocardiography had been in development
for more than two decades [7,8]. The methods
adopted in earlier models were cumbersome, and
the resulting 3D images were not suitable for clinical
application, mainly because of the low resolution of
2D images in earlier machines and sluggish, impre-
cise hand-sketched 3D images [9,10] (Fig. 1). How-
ever, these earlier models have been applied to the
calculation of ventricular volumes with satisfactory
results, especially the right ventricular volume which
is hard to calculate from simple mathematical as-
sumption algorithms using conventional 2D echo-
cardiography. Subsequent progress cited in the
literature reflects the continued improvement in
computer speed, data storage capacity, image acqui-
sition and processing algorithms, and echocardiog-
raphy platforms and transducers. Three fundamental
steps have been followed for 3D reconstruction from
standard 2D images. These are image acquisition,
postprocessing, and surface rendering. In the past
10 years, the time necessary for a single reconstruc-
tion has been greatly reduced from several hours
to a few seconds, and the reconstructions show
greatly enhanced spatial and temporal resolution.
For congenital heart disease, good quality 3D
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Fig. 1. Early three-dimensional echocardiography acquisition systems. (A) A mechanical probe, the rotatory device, which it is driven
by and the image acquisition system to rotate 180° to acquire slices of two-dimensional echocardiographic images. (B) A Philips
omniprobe housing an electronic steering device that can acquire two-dimensional echocardiographic images of various degrees.
reconstructions have been reported in 96% of
patients [8]. The various heart defects can be dis-
played in many view angles, which greatly enhances
the images of intracardiac anatomy that were not re-
adily available from standard 2D echocardiography.
About 10 years ago, we introduced a dynamic
3D acquisition and processing platform, and our
studies demonstrated the capacity of this system in
delineating many simple congenital heart lesions in
the 3D image format [11,12]. It was impressive to
see these lesions in 3D while the heart was beating,
which obviated the need to remove the heart from
the body. With this tool, we were able to not only
determine the 3D relationship of the lesions with
adjacent structures, but also view the interior of the
heart from an arbitrary section or depth as required.
However, this model worked by connecting cables
and a motor-driven carrier device between the echo-
cardiography scanner and the image-processing
platform. Frequently, it took more than 15 minutes
to complete the processing of a data set and more
time for image optimization and surface rendering.
Thus, this model was not clinically applicable.
Recently, further technological advancements
have resulted in echocardiography scanners equip-
ped with an ingeniously designed probe which is
capable of performing the real-time display of a cubic
sector of 3D echocardiographic images. In the fol-
lowing sections, our experiences with real-time 3D
echocardiography in congenital heart diseases are
described.
Equipment and Methodology
As mentioned previously, the 3D echocardiographic
images of the heart, obtained using the old 3D
platform introduced approximately 10 years ago,
were of low resolution, not in real-time and time-
consuming. The 3D images were acquired and
composed from 2D echocardiographic images off-
line on a separate workstation. Four basic steps were
used to complete the processing. These were image
acquisition, interpolation, reconstruction, and surface
rendering [13,14].
Thanks to improvements in computer processing
capacity and probe design, the old 3D platform is
now abandoned and replaced with a new, more
powerful platform that can display real-time 3D
images on the screen, without the need for respira-
tory gating. Patients were excluded from our studies
if they refused to participate, were hemodynami-
cally unstable, acutely ill, uncooperative or unable
to be sedated.
Echocardiography platform
Since 2003, we have used the commercially avail-
able Philips SONOS 7500 system for real-time 3D
imaging of congenital heart diseases in our clinics.
It is built with a xMatrix probe using breakthrough
2D array technology with thousands of elements
built-in. This revolution in technology, coupled with
super-computed signal processing capacity and new
3D image processing technology, enables the sys-
tem to have a near real-time display, or real-time 3D
images with optimal quality on the same platform
(depending on the image angle or color versus
white and black images). Furthermore, its iNavigator
technology allows for instantaneous image cropping
and rotation.
We use two modes for 3D image scanning. In
the first mode, a 3D sector of approximately 30 × 60
degrees (specific size, 29 × 58 degrees, with high
density off ) can be displayed on screening in a true
real-time, zero-wait fashion wherever the probe is
scanning and sweeping and in any direction or
angle. No electrocardiogram (ECG) or respiratory
gating is necessary. In the second mode, a full vol-
ume rather than a sector is acquired. ECG gating 
is necessary and it takes seconds (eight sequential
heart beats) to acquire one dynamic, full-volume
set (Fig. 2).
Soon after the introduction of the first generation
of real-time 3D echocardiography systems, another
new system was released with an even more pow-
erful real-time four-dimensional function, and a
3D volumetric probe. The probe is designed to be
handier and more ergonomic, and allows multidi-
mensional visualization of the beating heart. There
is a large real-time 3D volume slice, the 3D color
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flow can be observed and incorporated in real-time,
and much less time is needed to produce the full
volume. With its navigator tool, it allows the user
to investigate anatomic structures from different
angles from one imaging window.
Scanning procedures
Sedation is not necessary for most patients when
performing live 3D scanning. For full-volume acqui-
sition, no sedation is necessary in patients who coop-
erate in view of the real-time or very short (a few
seconds) imaging time. Very rarely, only light seda-
tion, using chloral hydrate (10% aqueous solution)
or midazolam hydrochloride (0.1–0.15 mg/kg), is
required to calm the patient for a few minutes.
At the start of a 3D echocardiographic exami-
nation, we employ a dedicated 3D probe to image
the cardiac structures, perform real-time sector 3D
scanning and record the dynamic sector 3D clips
in the built-in hard disk. In the early stage, the se-
quence of image acquisition is the same as that for
conventional 2D scanning: parasternal views, sub-
costal views (if applicable), and suprasternal views.
However, this rule cannot be applied in some pa-
tients, such as those patients with distorted cardiac
axis or dextrocardia. For these patients, the scan-
ning procedure is modified to locate the important
cardiac structures and determine the optimal win-
dows for full-volume acquisition. ECG leads are then
connected and full-volume data is obtained in all
patients from optimal positions (parasternal for all
patients; subcostal and suprasternal notch are also
used for smaller patients or patients with good win-
dows). As our experience with 3D echocardiography
accumulated, we chose to employ precordial (right
or left precordial window depending on the position
of the heart) scanning as our major 3D echocardio-
graphic window, with the other windows serving
only as optional; because with 3D data acquisition,
all the spatial information can be acquired through
one point of scanning regardless of the viewing
angles.
Image analysis
For patients with complex congenital heart diseases,
there may be combined anomalies in valves, out-
flow tracts or vessels. With real-time 3D imaging, we
can determine the capacity and quality of the new
platform in detecting these deformities using 3D
visualization of the structural relationship.
The heart is first scanned using real-time 3D mode
as mentioned previously in Scanning procedures, then
for a detailed diagnosis of the structural anatomy
off-line or on-line image analysis is conformed using
the segmental approach described by Van Praagh
[18]. By sweeping the cutting planes from differ-
ent angles and directions, we can see the details of
the heart beyond the tomographic plane.
We can also evaluate the intrinsic 3D morphol-
ogy of the heart from the acquired full-volume sets
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Fig. 2. Process of full-volume acquisition. (A) The entire window is divided into four sectors with preset optimized parameters. 
(B) Acquired full volume with good alignment of the four sub-volume sectors, a time of about eight heart beats is required for a
full-volume acquisition. Sections of various depths can be acquired by cutting with three perpendicular axes.
by cutting them from three different perpendicular
axes at different depths and reverse the directions.
One full-volume data set in each of four patient
groups was used to analyze the 3D relationship of
complex lesions with their surrounding structures,
and representative data are shown in this study.
Furthermore, the system navigator function
allows the data sets to be viewed from different
directions by simply rotating the mouse on the
keyboard.
Application in Congenital Heart
Diseases
Evaluation of cardiac structure
Although most congenital defects of the heart can
be evaluated and diagnosed using 2D echocardi-
ography, especially in pediatric patients with good
transthoracic windows, real-time 3D images pro-
vide additional information on normal and abnormal
structures. Most cardiologists make their diagnoses
in echocardiographic laboratories using real-time
2D echocardiography, and until now, there has
been no available data on the diagnostic value of
the additional information provided by 3D echo-
cardiography in congenital heart diseases. Some
studies have shown that live 3D echocardiography
results in additional diagnostic information in a
significant number of cases compared with 2D
echocardiography [15–17].
In live 3D or full-time scanning in neonates,
infants or small children whose heart sizes are rela-
tively small, a whole heart volume often constitutes
about one-third to one-half of the 3D scanning
volume, depending on the depth setting. Thus, it is
faster to scan a whole heart in these age groups
than in older children. When viewing normal cardiac
anatomy, the live dynamic valvular structures and
3D presentation of cardiac chambers are most im-
pressive (Fig. 3). The shapes of the mitral leaflets,
left outflow tract and left ventricular cavity can also
be evaluated as well as the concave- and convex-
shaped intracardiac structures. In addition, defects,
deviations or abnormal flow can easily be observed.
Real-time 3D echocardiography is performed 
in many of our inpatients and outpatients with con-
genital heart diseases. Simple cardiac lesions, such
as ventricular septal defect (VSD), atrial septal defect
(ASD) or patent ductus arteriosus (PDA), can easily
be diagnosed with conventional 2D echocardiog-
raphy. However, with real-time 3D echocardiogra-
phy, the relationship between the cardiac lesions and
the surrounding structures are further clarified, in
terms of the defect location, shape and size (Fig. 4).
In clinical practice, surgical treatment is usually
required in patients with cyanotic or complex con-
genital heart diseases; and in most cases, the accu-
rate diagnosis of these disorders can be obtained
with real-time 2D echocardiography. However, the
surgical plan is frequently not decided before the
chest or heart is opened in the operating room. 
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Fig. 3. Three-dimensional display of normal left side of the heart, viewing from: (A) the left side, and (B) from the apex. Ao = aorta;
LA = left atrium; LV = left ventricle.
In these patients, a dilemma exists as to whether a
single versus two ventricular repair should be carried,
and the functional capacity or volume of the hypo-
plastic ventricle and the competency of the unbal-
anced small atrioventricular valve require evaluation.
Thus, in the past few years, we have focused on
using real-time 3D echocardiography to diagnose
these complex lesions with the aim of providing
surgeons with specific details of these lesions, there-
fore allowing accurate surgical plans to be made
prior to surgery. Various complex congenital heart
diseases have been studied in our institute.
In the double-outlet right ventricle, both the
aorta and pulmonary arteries arise mainly from the
right ventricle. Often, there is a large VSD, which
may be subpulmonary or subaortic in position. In
addition, there may be the absence of mitral-aortic
continuity. To identify these defects, the relationships
between mitral and tricuspid valves, VSD and the
great arteries must be determined. The pulmonary
artery is identified by its bifurcation. Experienced
pediatric cardiologists may quickly identify this
anomaly in the clinics. However, the 3D information
such as the distance of structures and extent of VSD
margins in a 3D spatial concept, which are impor-
tant in surgical planning, are not easily obtained
with 2D images only. The 3D views provide addi-
tional information on the VSD, valves, and great
arteries. In Fig. 5, the 3D structure of a patient with
double-outlet right ventricle is shown when the
atrioventricular valves were open and closed. In
these views, we can easily determine the relation-
ship between the great arteries, VSD and the atrio-
ventricular valves, as well as their sizes and axes 
in a single viewing window. The patency of sub-
pulmonary and subaortic areas can also be de-
monstrated. This information is very important in
surgical planning. Unquestionably, 3D images can
better determine the size, shape and location of a
VSD compared with 2D images. The examiner can
also determine whether the VSD is subpulmonary
or subaortic in location, and whether there is strad-
dling of the valves across the VSD. Note the differ-
ent axes of the tricuspid and mitral valves in this
patient; this fact is not easily appreciated using 2D
echocardiography.
In our study of patients with tetralogy of Fallot,
which includes four lesions, i.e. pulmonary steno-
sis, right ventricular hypertrophy, VSD and overrid-
ing of the aorta, we demonstrated the 3D contour
of VSD in these patients successfully. The right ven-
tricular outflow tract, which is rather close to the
chest wall in these patients, is more difficult to visu-
alize with traditional echocardiography. In Fig. 6,
we clearly demonstrated the 3D structure and ex-
tent of stenosis in the pulmonary infundibulum. 
In contrast, the single plane image of 2D echocar-
diography may mislead the surgeon and the area
of hypertrophy to be excised at surgery may be
overlooked.
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Fig. 4. Simple cardiac defects: (A) ventricular septal defect (VSD), (B) atrial septal defect (ASD), and (C) patent ductus arterio-
sus (PDA). LA = left atrium; LV = left ventricle; RA = right atrium; RV = right ventricle; LPA = left pulmonary artery; MPA = main
pulmonary artery.
In pulmonary atresia with intact ventricular
septum, the main issue for pediatric cardiologists
and surgeons is to determine the feasibility of two-
ventricle repair. The Z-index has long been widely
adopted as the criterion for predicting whether a
patient will survive right ventricular outflow tract
reconstructive surgery. However, in some cases, the
growth and contractile pattern of the three portions
of the right side of the heart (inlet, body and outlet
portion) is even more crucial and can better deter-
mine the surgical outcome. Even with a superficially
correct diagnosis, the detailed 3D morphology of the
right side of the heart cannot be appreciated easily
with 2D echocardiography. In Fig. 7, we have shown
the hypoplastic right ventricle in one of our patients.
In viewing the 3D image, we can appreciate the spatial
size of each portion of the hypoplastic right ventric-
ular and their dynamic excursions.
We have also performed live 3D echocardio-
graphic studies in many patients with single ventricle
anatomy. In these patients, the structure and compe-
tency of the atrioventricular valve is the main factor
for successful surgical palliation (Fontan procedure).
Clefts or deformity of the leaflets, resulting in severe
regurgitation, will preclude these patients from
direct surgical procedures such as cavopulmonary
Three-dimensional Echocardiography in Congenital Heart Diseases
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Fig. 5. Three-dimensional (3D) images of a patient with double-outlet right ventricle with subpulmonary ventricular septal defect
(VSD), viewed from the apex. (A) End diastole with tricuspid valve (TV) and mitral valve (MV) wide open. (B) Early systole with
TV and MV closed. Note the relationship of TV, MV, aorta (Ao), pulmonary trunk (PA) and VSD. Note the 3D morphologies and
the relationships of TV, MV, VSD and the great arteries. The 3D information is obtained with the images in the dynamic format.
A B
Fig. 6. Three-dimensional navigation of a patient with tetralogy of Fallot. The morphology of the infundibulum and the extent of
stenosis are shown (A) Viewed from standard short axis. (B) Viewed with a more tilted angle. With the navigation function, the
examiner and surgeon can better understand the contour of the ventricular septal defect (VSD) and extent of infundibular stenosis,
thus minimizing postoperative stenosis of outflow tracts. Ao = aorta; Inf. = infundibulum.
anastomosis and valvuloplasty, and valve replace-
ment or even cardiac transplantation may be war-
ranted. Real-time 2D echocardiography, combined
with Doppler and color flow mapping, is able to
detect the existence and extent of valvular regurgi-
tation. However, the number and characteristics of
the valve leaflets can only be thoroughly evaluated
by dynamic 3D images before direct open-heart
inspection in the operating room. In these patients
with single ventricle anatomy, real-time 3D echo-
cardiography clearly demonstrates not only the
number and morphologic appearance of the leaflets
but also the approximation and conformational
changes during closure and opening.
Guiding of interventional procedures
For years, we have used 2D echocardiography in
various interventional procedures, such as pericar-
diocentesis, balloon atrial septostomy and endo-
cardial biopsy. With the advances in pediatric
cardiology and medical technology, many congen-
ital cardiac defects can now be repaired without
surgery, the most popular defect being the secun-
dum-type ASD, where the first choice of treatment
has changed from surgery to transcatheter closure.
In our institute, transthoracic real-time 2D and 3D
echocardiography have replaced transesophageal
echocardiography for guidance of this procedure
in most patients. There is no need for general anes-
thesia or endotracheal intubation. Conventionally,
people always think ASD to be a round hole in the
atrial septum. This impression is most likely due to
the effect of the 2D echocardiographic image.
Even surgeons were unable to determine the true
morphology of ASD, because they only saw the
defect when the heart was already in a collapsed
non-beating state. In contrast, pediatric interven-
tional cardiologists need to know the exact mor-
phology of the beating heart to ensure that the
therapeutic device can be safely deployed during
the procedure (Fig. 8). The complex 3D nature of
ASD in the beating heart can only be appreciated
using real-time color 3D echocardiography. Con-
ventional 2D images provide only partial and thus
a distorted impression of the morphologic charac-
teristics of ASD. Thus, the application of real-time
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Fig. 7. Three-dimensional morphology of a patient with pulmonary atresia and intact ventricular septum. (A) En face view of tricuspid
valve (TV) and mitral valve (MV) viewed from the apex. (B) Four-chamber view depicting the morphology of the right ventricle
(RV). LA = left atrium; LV = left ventricle; RA = right atrium.
Fig. 8. Live three-dimensional image display of secundum-type
atrial septal defect after Amplatzer occluder implantation. The
right and left disk of the device can be seen across the defect.
3D echocardiography is a useful tool for pre-
procedural evaluation in patients preparing for
interventional catheterization closure of ASD.
Discussion
The resting heart rate in a 1-year-old infant is ap-
proximately 90–100 beats per minute, and is even
faster in neonates. A faster heart beat in pediatric
patients compared to that in adults means faster
cardiac muscle motion. In the earlier 3D system
(TomTec EchoScan, with a Pentium 100 CPU con-
nected to a Vingmed 800 ultrasonic scanner equip-
ped with rotatory mechanical probes) [11,12], the
entire cardiac cycle was divided into several phases
and the heart was scanned with the mechanical
probe, held by a mechanical carrier, in a rotational
fashion. Sixty to one hundred and eighty steps,
1–3 degrees in one step, were necessary to com-
plete the scanning of a whole heart. Strict ECG and
respiratory gating were necessary to collect syn-
chronized phases among sequential cardiac cycles.
For better image quality, the patients were asked,
with or without sedation, to breathe steadily with
a relatively fixed heart rate. It took at least another
5–10 minutes to process the 3D images and per-
form surface rendering to observe the details of
the heart. Thus, the 3D images were composed of
2D images collected from different heart beats and
appeared as dynamic images after reconstruction,
but were not true real-time images.
Sequential heart beats, where it was practically
impossible to maintain a fixed cardiac cycle
length, were divided into several cardiac phases.
Thus, the images of selected phases in these
sequential beats did not reflect precisely the same
position in the heart. Furthermore, the combina-
tion of the mechanical probe and the carrier
device usually exerted variable degrees of mechan-
ical vibration during image acquisition. In addi-
tion, the whole system was not appropriately
insulated from electromagnetic interference. Thus,
the image quality was reduced in many patients
even when the patient was fully cooperative. 
In the Table, we have summarized and compared
the different characteristics of the new real-time
system used in our studies with that of the earlier,
Three-dimensional Echocardiography in Congenital Heart Diseases
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Table. Comparison between real-time and gated sequential systems
Features
Real-time Gaited sequential, 
three-dimensional, Philips TomTec EchoScan
Mode of image acquisition xMatrix probe, direct Mechanical/electronic probe,
three-dimensional data reconstructed, interpolated 
three-dimensional data 
from two-dimensional 
images
Image platform Built-in scanner Connected to scanner via
cables
Real-time three-dimensional Yes No
scanning
Time needed for a full volume 3–5 seconds 3–5 minutes
Need for off-line processing No Yes
Time needed to load a data set < 5 seconds 1–2 minutes
Time needed to select a view Almost none 1–2 minutes
for surface rendering
Visually intuitive Yes No
Image navigation Easy, on the scanner Harder, off-line
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gated sequential reconstructive system used in
previous studies.
Improvements in computer technology and
probe design have greatly reduced possible sources
of “noise” which were present in the old system
[14,15]. Furthermore, the advances in signal and
image processing have significantly enhanced the
spatial and temporal resolution of the echocardio-
graphic images. The new system using the xMatrix
transducer houses as many as 3,000 elements, and
the integrated image processing platform is the
first to be capable of capturing a cubic sector of
spatial 3D echocardiographic data so quickly that
no visual delay can be perceived.
The technical parameters (shading, smoothing,
gating, etc.) have been optimally adjusted in the
new real-time 3D system (near real-time in full vol-
ume or color mode, and only real-time in live-3D
mode), so that the best 3D image quality can be
achieved and only a little adjustment is needed at
scanning. At present, no standard transthoracic 3D
scanning planes have been developed. However,
when performing live 3D scanning, the same scan-
ning sequence as 2D echocardiography is used,
i.e. parasternal short axis first, then parasternal long
axis, subcostal, and finally suprasternal notch. Mod-
ified views are frequently used in our patients with
complex lesions. Accurate diagnoses can be made
quickly after scanning, as this new system is ready
to provide sufficient spatial and temporal resolu-
tion for the examiner to differentiate various intrac-
ardiac structures and lesions. Alternatively, we can
choose to acquire a full-volume data set, then dissect
the volume set to any arbitrary plane for viewing
and diagnosis.
As conventional 2D echocardiography is suffi-
cient for the diagnosis of all the lesions found in
our patients, we tried to demonstrate in this study
the information which only 3D images can provide.
Only 3D images can give us direct perception of
depth in cardiac structures. Furthermore, the nec-
essary “surgeon’s views” of complex lesions can be
generated directly only with 3D images, which will
ensure that surgeons are more confident in the
operating room.
Intracardiac anatomy was complex in all our
patients. Using live 3D mode, the segmental ap-
proach was used for each diagnosis. The situs abnor-
mality and the relationship of ventricles and great
arteries were also determined. As with 2D images,
the atrial situs was determined by atrial morphol-
ogy and its connection with the liver. The right and
left ventricles were discriminated by the number
and offset of the atrioventricular valves, and pat-
tern of trabeculation. The great arteries were iden-
tified by the bifurcation of the pulmonary artery and
branches of the aorta. Thus, diagnosis of double-
outlet right ventricle was made with both arteries
coming out from the right ventricle. The location of
VSD could easily be determined as subpulmonary,
subaortic or doubly-committed. However, in some
cases, the pulmonary artery or aorta was only partly
in the right ventricle. In this condition, 3D images
will provide direct information such as angulation
of the vessels, the shape, dimension and orientation
of the VSD, and their relationship to the septum
and atrioventricular valves. This information is impor-
tant in creating patent right or left outflow tracts
during surgery.
In patients with tetralogy of Fallot, a large ven-
tricular and narrow infundibular tract can be seen
with 2D images. However, the orientation and size
of the VSD and the exact extent of infundibular
stenosis can be determined better in a 3D perspec-
tive. Reconstruction of right ventricular outflow tract
and patch repair of VSD can be performed in a
way that minimizes outflow tract obstruction.
To date, there is no doubt that 3D images are
much better in evaluating atrioventricular valves.
With en face view, the entire surface area of the
leaflets can be visualized, and the specific locations
and shapes of scalloped, prolapsed or cleft leaflets
can easily be determined. Thus, in our patients with
deformed atrioventricular valves, single ventricle
and pulmonary atresia with intact ventricular sep-
tum, the 3D images of these cases can better dem-
onstrate the origin of regurgitation which requires
repair. In addition, the annulus of the tricuspid valve
in pulmonary atresia with intact ventricular septum
can provide a better estimate of ventricular growth
than using a single diameter, when predicting the
feasibility of biventricular repair.
For the first time, we are able to see the interior
of the heart in a true real-time 3D manner [16,17].
Although relatively large for our pediatric patients,
the 3D probe gave good results, and the real-time
3D image quality and resolution were good enough
to allow accurate diagnosis in all our patients.
Unlike 2D imaging, real-time 3D echocardiog-
raphy represents the echocardiographic data of a
whole beating heart. Thus, 3D echocardiography
can potentially provide additional important infor-
mation on the heart which 2D imaging cannot
provide [18,19]. As mentioned previously, the eval-
uation of contour on whole valvular leaflets, the 3D
relationship of complex congenital cardiac lesions
to surrounding structures is incomplete with 2D
echocardiography, especially for surgeons planning
surgical approaches.
Additional advantages of real-time 3D echocar-
diography include the ability to perform “virtual
reality electronic dissection” of the heart for view-
ing. In the platform used in our studies, sections of
any desired depth in three perpendicular directions
are possible and are very easy to obtain by simply
switching the control buttons on the screen panel.
This function is especially helpful in our understand-
ing of complex cardiac anatomy.
In this article, we have demonstrated the feasi-
bility and value of true real-time 3D echocardiog-
raphy platform in evaluating cardiac structures in
our patients. Future refinement of this system may
incorporate the functions of 3D color flow map-
ping, Doppler, and algorithmic measurements for
the realization of 3D echocardiographic images in
clinical practice.
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